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Abstract
Background: People with higher socio-economic status (SES) are generally in better health. Less is known about
when these socio-economic health differences set in during childhood and how they develop over time. The goal
of this study was to prospectively study the development of socio-economic health differences in the Netherlands,
and to investigate possible explanations for socio-economic variation in childhood health.
Methods: Data from the Dutch Prevention and Incidence of Asthma and Mite Allergy (PIAMA) birth cohort study
were used for the analyses. The PIAMA study followed 3,963 Dutch children during their first eight years of life.
Common childhood health problems (i.e. eczema, asthma symptoms, general health, frequent respiratory
infections, overweight, and obesity) were assessed annually using questionnaires. Maternal educational level was
used to indicate SES. Possible explanatory lifestyle determinants (breastfeeding, smoking during pregnancy,
smoking during the first three months, and day-care centre attendance) and biological determinants (maternal age
at birth, birthweight, and older siblings) were analysed using generalized estimating equations.
Results: This study shows that socio-economic differences in a broad range of health problems are already present
early in life, and persist during childhood. Children from families with low socio-economic backgrounds experience
more asthma symptoms (odds ratio (OR) 1.27; 95% Confidence Interval (CI) 1.08-1.49), poorer general health (OR
1.36; 95% CI 1.16-1.60), more frequent respiratory infections (OR 1.57; 95% CI 1.35-1.83), more overweight (OR 1.42;
95% CI 1.16-1.73), and more obesity (OR 2.82; 95% CI 1.80-4.41). The most important contributors to the observed
childhood socio-economic health disparities are socio-economic differences in maternal age at birth, breastfeeding,
and day-care centre attendance.
Conclusions: Socio-economic health disparities already occur very early in life. Socio-economic disadvantage takes
its toll on child health before birth, and continues to do so during childhood. Therefore, action to reduce health
disparities needs to start very early in life, and should also address socio-economic differences in maternal age at
birth, breastfeeding habits, and day-care centre attendance.
Background
Those who are socio-economically better off are gener-
ally in better health [1]. This association between socio-
economic status (SES) and health is very strong, and is
consistent throughout life [2]. Even early in life, low
family SES is related to low birthweight, poor cognitive
test scores, and behavioural problems and socialization
[3]. However, little is known about when socio-eco-
nomic health differences set in during childhood and
how these differences develop over time. Most studies
on childhood SES and health use cross-sectional data.
Only a few studies consider trajectories of changes in
health over time [4].
The family environment is the first and most intimate
level that influences the early development and health of
children [5]. The family is important for nurturing,
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years of life. Family-level characteristics (e.g. parental
lifestyle, family resources, and parenting style) influence
a family’s nurturing and supporting competences [5].
Childhood socio-economic health disparities might be
rooted in differences between socio-economic groups
concerning a family’sc o m p e t e n c et oc r e a t eah e a l t h y
and stimulating environment for their offspring. Parents
with lower SES more often behave in ways that are
unhealthy for their children (e.g. smoking during preg-
nancy and continuing to do so afterwards, not breast-
feeding, etc.) [6-8]. Furthermore, family skills for raising
a child in a nurturing, stimulating, and supportive man-
ner are related to the age of the mother. An increasing
maternal age is positively related to the educational,
behavioural, and mental health development of children
[9]. The birthweight of the child is also related to
the parents’ SES, and is a risk factor for health in child-
hood [10]. Nowadays, women from a higher socio-
economic background have their children more often at
an older age than women from a lower socio-economic
background [11].
Family size also seems to be relevant when it comes to
the development of childhood health. Having siblings
was found to protect children against hay fever, and, in
several studies, against asthma and eczema as well [12].
It has been suggested that having siblings protects
against atopy because of exposure to infections early in
life, although this is still a subject of debate [12,13].
This paper describes the development of socio-economic
health differences early in life in the Netherlands. We
studied the impact of maternal educational level (as an
indicator of the socio-economic background of the child)
on the development of several health indicators among a
birth cohort until the children are eight years old. The
health outcomes studied are common childhood health
problems: eczema, asthma symptoms, general health,
frequent respiratory infections, overweight, and obesity.
We explored when socio-economic differences in health
occur during childhood, and whether these health dispari-
ties change as children grow older. Furthermore, we inves-
tigated explanations for socio-economic disparities in
children’s health during the first eight years of their lives
(Figure 1).
Methods
Study design and study population
Data were obtained from the Dutch longitudinal Preven-
tion and Incidence of Asthma and Mite Allergy (PIAMA)
study, which gathered health information on 3,963 chil-
dren born in 1996 or 1997. The study collected health
data during the first eight years of their lives, and is
described in more detail elsewhere [14]. The study proto-
col was approved by the medical ethics committees of
the participating institutes and all parents gave written
informed consent. We have received approval from the
PIAMA research group to use this data.
The parents filled in questionnaires during pregnancy,
when the child was three months old, and subsequently,
every year until the child was eight years old. Question-
naires were sent to the parents once a year in the
month the child celebrated his or her birthday.
Measures
Health outcomes
A child was classified as having eczema if an itchy rash
had been present at one or more of the specified loca-
tions (the folds of the elbows or behind the knees, around
the ears or eyes, or at the front of the ankles) during the
previous 12 months. The question about eczema was
asked every year at ages one to eight.
Children were categorized as having asthma symptoms
if they had one or more symptoms: a wheeze, shortness
of breath (dyspnoea) or if a medical doctor had pre-
scribed inhaled steroids for respiratory or lung problems
in the preceding 12 months. Asthma symptoms were
reported annually starting at three years of age.
Frequent respiratory infections were measured annually
from ages one to eight. Frequent respiratory infections
were defined as having suffered from 3 or more of the
following infections during the previous 12 months:
bronchitis, pneumonia, middle ear infection, sinusitis,
throat infection, or flu or a serious cold.
A Dutch version of the ‘RAND General Health Rating
Index’ for children was used to assess general health [15].
The ‘RAND General Health Rating Index’ for children
contains seven questions on general health and suscept-
ibility to illness, and was asked at ages four, six, and
eight. Answers were combined into one score between 7
and 32. The lowest quartile characterizes poor general
health.
Overweight and obesity (severe overweight) were
d e f i n e du s i n gw e i g h ta n dh e i g h ti n f o r m a t i o nc o l l e c t e d
from the questionnaires at ages three to eight. Parents
were asked to report their child’s body weight (in kg) and
height (in cm) from the last time the child was weighed
and measured by a medical doctor or nurse if this had
been done within the previous three months. If these
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Figure 1 Conceptual framework for the relationship between
maternal educational level and children’s health.
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weigh and measure their child without shoes and heavy
clothes. Age- and sex-specific cut-off points defined by
Cole et al. [16] were used to classify the children as being
overweight or obese. The health outcome overweight
also includes obesity. The term ‘weight problems’ is used
in here to describe both overweight and obesity.
Socio-economic status measure
Maternal educational level was used to indicate the
family’s socio-economic status (SES). Education is
considered to be a good indicator of adult SES in the
Netherlands and elsewhere [17,18]. It is an indicator of
someone’s knowledge, which is an important component
of SES, alongside status and wealth. Also, education pre-
dicts other indicators of SES (income and occupation).
In the one-year questionnaire, the question about educa-
tional level was asked in terms of the highest attained
educational level, and divided into three categories: pri-
mary school or lower vocational or lower secondary
education (low), intermediate vocational education or
intermediate/higher secondary education (intermediate),
and higher vocational education and university (high).
Educational level was not reported by 156 mothers (4%).
Biological and lifestyle determinants
This study examined how biological and lifestyle factors
may affect the development of health inequalities early in
life. Determinants present at birth and in the child’sf i r s t
year were chosen to examine their influence on the
development of health inequalities from birth onward.
The biological and lifestyle determinants used in the
explanatory analyses were selected on theoretical
grounds. The research groupi n c l u d e dt h o s ed e t e r m i -
nants they considered most plausible and explanatory for
SES differences in childhood health. The biological deter-
minants were the presence of older siblings (yes/no),
maternal age at birth (continuous), and the child’sb i r t h -
weight (continuous), and were reported in the question-
naire administered at three months. Lifestyle variables
were reported in the child’s first year: maternal smoking
(during at least the first four weeks of the pregnancy),
smoking by anyone in the home (more than once a
week), breastfeeding, including any form of breastfeeding,
also partial (never, 1-16 weeks, or > 16 weeks), and day-
care centre attendance during the first year. Day-care
centre attendance was dichotomized into ‘none or fewer
than 4 hours per week’ and ‘4 hours per week or more’.
Analyses
We used generalized estimating equations (GEE) to ana-
lyse the development of socio-economic health disparities
during the first eight years of the children’s lives. GEE
models take into account the correlation between repeated
measurements in the same individual. An autoregressive
correlation was chosen to fit the data. All analyses used
the most highly educated group as reference category, and
were adjusted for the sex of the child.
First, we estimated the association between maternal
educational level and the health outcomes for the whole
period by fitting a GEE model with the child’sa g e ,s e x
and maternal educational level. Second, to find out
whether educational differences in children’s health var-
ied during the period studied, we included the interaction
between the child’s age and maternal educational level in
the model. Third, we studied which variables longitudin-
ally predicted childhood health by fitting GEE models
containing the child’s sex, age, and one potential determi-
nant. Variables were considered predictors of the health
outcome if they were significantly associated with the
health outcome (p < 0.05). Next, for those determinants
significantly related to one or more health conditions, we
studied the distribution of the predictor according to the
educational level of the mother. Finally, if the predictors
are also significantly related to the educational level of
the mother (p < 0.05), we added the predictor to the
basic GEE model (including the child’ss e x ,a g e ,a n d
maternal educational level) in an attempt to explain the
association between maternal educational level and child-
hood health. Time-dependent relationships between
determinants and health outcomes were included in the
model when significant, and we calculated the contribu-
tion of all significant determinants together to the educa-
tional differences in children’s health. Determinants were
excluded from the total model if we found no reduction
in the odds ratios (ORs) and/or in the 95% confidence
intervals (CIs) of the ORs of the different educational
groups.
Missing data and multiple imputations
At eight years of age, 8% (310) of the 3,963 children
included at baseline were lost to follow-up. In addition,
not every parent always filled in all of the questions every
year, which resulted in missing data. Particularly affected
were the health outcomes, with missing data ranging
from 15% for frequent respiratory infections to 35% for
overweight and obesity. If data are not ‘missing comple-
tely at random’ (MCAR), complete case analysis may lead
to biased results [19,20]. To overcome this problem,
missing data were imputed multiple times for every year
using the Multivariate Imputation by Chained Equations
(MICE) procedure in the statistical program R (version
2.9.1), which resulted in five imputed datasets. Multiple
imputation is a statistical technique that uses all observed
data to fill in plausible values for the missing values [20].
In our case, this meant that the relationships between all
variables used in the analyses were used to fill in the
missing values in our dataset. SAS software (Statistical
Analysis System, version 9.2) was used to perform Proc
Genmod analyses and PROC MIANALYSE to pool the
outcomes from the five datasets. All analyses described
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the imputed datasets. In this article, we report results
from the analyses of the imputed datasets. The character-
istics of the study population of the imputed dataset did
n o td i f f e rf r o mt h eo r i g i n a ld a t a s e t( T a b l e1 ) .F o ra l ls i x
outcome variables, imputation slightly increased the pre-
valence, indicating that children with no health problems
are somewhat overrepresented in the complete cases.
Also, the relationship between frequent respiratory infec-
tions among children and intermediate maternal educa-
tional level was statistically significantly in the imputed
datasets but not in the original dataset. In addition, ana-
lyses of the imputed datasets led to conclusions that were
similar to analyses of the original dataset.
Results
The prevalence of asthma symptoms decreases from 23%
at the age of three to 13% at the age of eight. The preva-
lence of frequent respiratory infections decreases from
14% to 4% between the ages of three and eight. As the
children grow older, more children become overweight or
obese. At three years of age, 8% of the children are over-
weight and fewer than 1% are obese. At eight years of age,
12% are overweight and 2% are obese. The prevalence of
poor general health and eczema fluctuated (Table 2).
Maternal education level and health outcomes
In general, children of mothers with lower educational
levels are in poorer health than children of the most
highly educated mothers (Tables 2 and 3). Educational
differences in obesity were most prominent: children of
mothers with the lowest educational level are obese
2.8 times more often than children of the most highly
educated mothers. Already during childhood, an educa-
tional health gradient is present for asthma symptoms,
poor general health, frequent respiratory infections,
overweight, and obesity - that is, the lower the maternal
educational level, the higher the health risk for the
child. There are no educational differences in the preva-
lence of eczema (Table 3).
Trends according to age in the association between
maternal educational level and health outcomes
Except for overweight, the educational differences in
health are not related to the age of the child and do not
change over time. In the case of overweight, educational
differences emerge at age six (Figure 2).
Table 1 Characteristics of the study population of the
original dataset and the imputed datasets
Baseline
population
Original data
Baseline population
Imputed data
% N % (n = 3,963)
Maternal educational level 3,807
Low 23.5 23.8
Intermediate 41.6 41.7
High 35.0 34.5
Sex 3,963
Female 48.1 48.1
Male 51.9 51.9
Older sibling(s) 3,937
Yes 50.7 50.6
No 49.4 49.4
Maternal smoking during
pregnancy
a
3,904
Yes 17.8 17.9
No 82.2 82.1
Breastfeeding duration 3,896
No breastfeeding 17.9 18.0
1-16 weeks 49.6 49.7
>16 weeks 32.5 32.3
Smoking in the home 3,935
Yes
b 28.7 28.7
No 71.3 71.3
Day-care centre attendance 3,796
>= 4 hours per week 24.4 24.2
<4 hours per week 75.6 75.9
Eczema at age 8 16.0 3,233 16.4
Table 1 Characteristics of the study population of the
original dataset and the imputed datasets (Continued)
Asthma symptoms at age 8 13.0 3,308 13.8
Poor general health at age
8
24.6 3,229 26.0
Freq. respiratory infections
at age 8
3.9 3,247 4.3
Overweight at age 8
c 11.6 2,607 12.0
Obesity at age 8 2.0 2,607 2.3
Mean/SD
d Mean/SD
d
Maternal age (years) 30.3/3.9 3,920 30.3/3.9
Birthweight child (grams) 3,507/546 3,914 3,507/546
asmoking by the mother during at least the first four weeks of pregnancy.
bsmoking by anyone in the home more than once a week.
coverweight includes obesity.
dstandard deviation.
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and health outcomes
Table 4 shows the results of GEE analyses that indicate
which factors are associated with health during child-
hood. Having an older mother and a higher birthweight
are protective factors against asthma symptoms, poor
general health, and frequent respiratory infections in
childhood. However, a higher birthweight increases the
odds for overweight and obesity in childhood. Having
siblings is positively related to frequent respiratory
infections.
Smoking during pregnancy increases the risk for all
health problems mentioned in Table 4. When parents
report smoking in the home at least once a week, their
children are more likely to have weight problems (over-
weight and obesity). Breastfeeding for fewer than 16
weeks or not at all increases the risk of asthma symp-
toms, poor general health, frequent respiratory infec-
tions, and obesity in childhood. Furthermore, not
attending day-care facilities in the first year of life
increases the risk for poor general health, overweight,
and obesity in childhood.
Distribution of the biological and lifestyle factors
according to educational level of the mother
Table 5 shows the distribution of the biological and life-
style factors according to maternal educational level.
Except for having siblings, all factors show an educa-
tional gradient (Table 5). Smoking during pregnancy,
smoking in the home, not breastfeeding your child, and
not attending day-care facilities are inversely related to
maternal educational level. More highly educated
mothers smoke less often during pregnancy and in the
home, and they breastfeed their children more often and
make more use of day-care facilities. Maternal age at
birth and birthweight are positively related to the educa-
tional level of the mother, although the gradient is less
clear here. Having siblings is more prevalent only in the
lowest educational group when compared to the highly
educated mothers. A sibling effect on health is therefore
only expected for children of the mothers with the low-
est educational level.
Explanations for educational differences in children’s
health
Table 6 shows the contribution of the biological and
lifestyle factors to the relationship between educational
level of the mother and childhood health. All factors
together reduce the increased OR for asthma symptoms
among children of mothers with low and intermediate
educational levels to nearly 1 (OR 1.04), suggesting that
the factors together largely contribute to the educational
differences in childhood asthma. Breastfeeding contri-
butes most to the educational differences in asthma
Table 2 Prevalence (%) of health outcomes until age 8 and prevalence (%) of health outcomes at age 8 according to
maternal educational level
Age Maternal educational level
a
12345678 L o w Intermediate High
Eczema 15.3 16.8 17.6 18.2 15.6 15.9 14.9 16.4 17.0 16.5 15.9
Asthma symptoms - - 23.6 19.6 18.3 15.4 13.1 13.8 15.9 14.0 12.2
Poor health index - - - 27.0 - 23.5 - 26.0 29.3 26.1 23.5
Freq. resp. infections
b 14.6 15.0 12.1 10.6 10.7 8.4 4.8 4.3 5.3 4.2 3.8
Overweight
c - - 7.4 9.5 10.1 10.6 11.8 12.0 16.0 11.6 9.6
Obesity - - 0.9 1.8 2.1 2.6 2.4 2.3 4.1 2.1 1.2
aprevalence of health outcomes at age 8 according to educational level of the mother.
bfrequent respiratory infections.
coverweight includes obesity.
Table 3 Associations between maternal educational level and health outcomes at ages 0 to 8
Health outcomes
Eczema Asthma
symptoms
Poor general
health
Frequent
respiratory
infections
Overweight
c Obesity
Maternal educational level OR
a (CI
b)O R
a (CI
b)O R
a (CI
b)O R
a (CI
b)O R
a (CI
b)O R
a (CI
b)
Low 1.00 (0.86-1.17) 1.27 (1.08-1.49) 1.36 (1.16-1.60) 1.57 (1.35-1.83) 1.42 (1.16-1.73) 2.82 (1.80-4.41)
Intermediate 1.00 (0.88-1.14) 1.16 (1.00-1.34) 1.11 (0.96-1.27) 1.17 (1.02-1.34) 1.16 (0.96-1.40) 1.71 (1.11-2.63)
High 1.00 1.00 1.00 1.00 1.00 1.00
aodds ratio of GEE analyses, adjusted for sex of the child.
b95% confidence intervals of the odds ratio.
coverweight includes obesity.
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less likely to breastfeed their children, which increases
the risk of asthma symptoms among the children. Also,
smoking during pregnancy contributes substantially to
the relationship between maternal educational level and
asthma symptoms. Mothers with lower educational
levels smoke more often during at least the first four
weeks of their pregnancy, which increases their chil-
dren’sr i s ko fa s t h m as y m p t o m s .A l s o ,t h ea g eo ft h e
mother at birth contributes to the educational differ-
ences in asthma symptoms. Mothers with lower educa-
tional levels have their children at a younger age, and
younger mothers report asthma symptoms more often.
When all relevant biological and lifestyle factors are
included in the model, the elevated OR for poor general
health for children of mothers with the lowest educational
level compared to children of highly educated mothers
reduces from OR 1.36 to OR 1.06 (Table 6). For children
of mothers with an intermediate educational level, the ele-
vated OR drops from OR 1.11 to OR 0.94. Maternal age at
birth and day-care centre attendance are important contri-
butors to the educational differences in poor general
health (Table 6). Mothers with low educational levels have
their children at a younger age than more highly educated
mothers. At the same time, younger mothers more often
assess their children’s health as being poorer. Day-care
centre attendance is negatively associated with poor gen-
eral health, meaning that children who attend day-care
facilities are less often in poor general health than children
who do not attend such facilities, while children of the
mothers with the low educational levels attend day-care
facilities less often.
All relevant lifestyle and biological factors of frequent
respiratory infections reduce the increased OR of fre-
quent respiratory infections among children of mothers
with an intermediate educational level by more than a
half, and by slightly less for children of mothers with a
low educational level (Table 6). Breastfeeding habits con-
tribute most to the relationship between maternal educa-
tional level and frequent respiratory infections in
childhood (Table 6). Including breastfeeding in the basic
model (along with maternal educational level, age, and
sex of the child) reduces the ORs for frequent respiratory
infections for children of mothers with an intermediate
educational level from OR 1.17 to OR 1.12, and for chil-
dren of mothers with a low educational level from OR
1.57 to OR 1.44. Mothers with lower educational levels
breastfeed their children less often, while breastfeeding
for fewer than 16 weeks is associated with more frequent
respiratory infections later in life. Also, maternal age at
birth contributes to the educational differences in fre-
quent respiratory infections among the children. Mothers
with lower educational levels are younger when they give
birth, and younger mothers report more frequent respira-
tory infections in their children.
The higher odds for overweight and obesity among
children of mothers with low and intermediate educa-
tional levels decreases considerably when all relevant
factors are included in the model (Table 6). For both
overweight and obesity, day-care centre attendance is
the most important contributor to educational differ-
ences in weight problems (Table 6). Day-care centre
attendance is associated with fewer weight problems
(overweight and obesity), whereas children of mothers
with lower educational levels attend day-care facilities
less often than children of the most highly educated
mothers. Including day-care centre attendance in the
basic model (Model A, Table 6), reduces the increased
OR for overweight and obesity for children of mothers
with a lower educational level by approximately 25%.
Also, mothers with a lower educational background
report smoking during pregnancy and smoking in the
home more often than mothers in the highest educa-
tional group, while this increases the risk of weight pro-
blems among children later in life.
Discussion
Socio-economic differences in health problems are
already present very early in life, and persist during the
Figure 2 Development of educational differences in overweight
among children at ages 3 to 8, in odds ratios (ORs)
a. The
development of children’s overweight according to the educational
level of the mother. Maternal educational level is divided into low,
intermediate and high education. High maternal educational level is
the reference category. ORs are presented with 95% confidence
intervals.
a Overweight includes obesity.
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Page 6 of 11first eight years of the lives of children in the Nether-
lands. This study confirms that early socio-economic
health inequalities exist for a broad spectrum of health
outcomes. Children from families with lower socio-
economic backgrounds experi e n c em o r ea s t h m as y m p -
toms, poorer general health, more frequent respiratory
infections, and more weight problems. Most of these
early socio-economic health differences were stable dur-
ing the period studied, except for educational differences
in overweight, which emerged at age six. The most
important determinants of the observed childhood
socio-economic health disparities are socio-economic
differences in maternal age at birth, breastfeeding, and
day-care centre attendance.
Further elaboration of the results requires considera-
tion of the strengths and limitations of this study. Our
study’s strengths are the large study population combined
with a low attrition rate (around 8% during the whole
study period). The repeated data collection over a period
of eight years (starting at birth) allows for longitudinal
analyses to study the development of children’s health.
The PIAMA study contains a broad range of different
health outcomes that enables a more thorough study of
the relationship between a family’s socio-economic back-
ground and the health development of their children.
One of the study’s limitations is that all of the informa-
tion on health is self-reported by the parents. Self-reported
information is prone to reporting bias, which could distort
our findings, assuming this bias is related to SES. Another
limitation is the selective availability of variables for study-
ing explanations for educational differences in childhood
health. We could only study the contribution of the
Table 4 Associations between biological and lifestyle factors and health outcomes at ages 0 to 8, in the total
population
Asthma
symptoms
Poor general
health
Frequent
respiratory
infections
Overweight
r Obesity
Biological factors OR
a (CI
b)O R
a (CI
b)O R
a (CI
b)O R
a (CI
b)O R
a (CI
b)
Siblings
No 1.00 1.00 1.00 1.00 1.00
Yes 1.14 (1.01-1.29) 0.90 (0.80-1.01) 1.15 (1.02-1.30) 1.08 (0.93-1.25) 1.00 (0.73-1.36)
Maternal age at birth 0.98 (0.96-0.99) 0.95 (0.94-0.97) 0.98 (0.96-0.99) 0.99 (0.97-1.02) 0.99 (0.94-1.04)
Birthweight 0.77 (0.68-0.87) 0.78 (0.70-0.88) 0.87 (0.77-0.97) 1.95 (1.69-2.25) 1.91 (1.29-2.82)
Lifestyle factors
Smoking during pregnancy
No 1.00 1.00 1.00 1.00 1.00
Yes
c 1.32 (1.11-1.57) 1.29 (1.11-1.50) 1.31 (1.13-1.52) 1.25 (1.02-1.53) 1.95 (1.36-2.80)
Smoking in the home
No 1.00 1.00 1.00 1.00 1.00
Yes
d 1.14 (0.99-1.32) 1.12 (0.98-1.29) 1.12 (0.98-1.28) 1.23 (1.03-1.48) 1.73 (1.23-2.42)
Breastfeeding
> 16 weeks 1.00 1.00 1.00 1.00 1.00
1-16 weeks 1.37 (1.19-1.58) 1.21 (1.06-1.39) 1.28 (1.11-1.47) 1.08 (0.91-1.29) 1.44 (0.95-2.18)
Never 1.52 (1.26-1.83) 1.32 (1.11-1.57) 1.60 (1.34-1.91) 1.25 (0.98-1.59) 1.81 (1.07-3.04)
Day-care centre attendance
Yes 1.00 1.00 1.00 1.00 1.00
No
e 1.11 (0.96-1.29) 1.54 (1.31-1.81) 1.08 (0.93-1.24) 1.43 (1.16-1.78) 2.28 (1.45-3.58)
aodds ratio of GEE analyses, adjusted for sex.
b95% confidence intervals of the odds ratio.
csmoking by the mother during at least the first four weeks of pregnancy.
dsmoking by anyone in the home more than once a week.
eno means < 4 hours per week.
foverweight includes obesity.
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ities. These determinants were gathered with the intention
of unravelling the aetiology of asthma and allergies [14].
Furthermore, 35% of the data on overweight and obesity is
missing. This is considerable. We dealt with possible selec-
tion bias due to missing data by using multiple imputa-
tions of the missing data. This reduces the risk of selection
bias. Also, it allowed us to make more efficient use of the
data, because all available data was used in the analyses.
Maternal educational level is used in this study as an
indicator of family socio-economic background. The
educational level of the mother is a good proxy for
social status in the Netherlands, and is supported by the
literature [17,18]. It is a predictor for the knowledge
people possess and for the income they are likely to
gain. We repeated our analyses with paternal educa-
tional level and found similar results. Other indicators
for family socio-economic background were not avail-
able in this study.
Our study reports a consistent pattern of poorer
health outcomes among children from families with low
socio-economic backgrounds. Although this relationship
is found in other studies, several studies have discussed
a reverse SES effect [4]. Chen et al. [4] suggest that the
variation in study findings could be related to the age of
the children being studied. In the case of asthma, Chen
et al. describe how higher risks of asthma are reported
among lower socio-economic groups until approxi-
mately nine years of age. After this, sometimes no rela-
tionship, or a reverse relationship, is found [4]. We
found no socio-economic differences in childhood
eczema, in contrast with several other studies, which
report that eczema occurs less often among children
from lower socio-economic backgrounds [21,22].
Our study shows that breastfeeding plays an important
role in the development of childhood socio-economic
differences for asthma symptoms and frequent respira-
tory infections. Mothers from lower socio-economic
backgrounds are less likely to breastfeed their children
[8], whereas breastfeeding protects children from several
diseases [6,23]. Our findings support the importance of
promoting breastfeeding, especially among mothers with
low socio-economic positions.
In this study, day-care centre attendance during the
first year is related to socio-economic differences in
children’s poor general health and weight problems, but
not to respiratory infections or asthma. On the one
hand, day-care centre attendance is considered a threat
Table 5 Prevalence and means of biological and lifestyle factors of poorer health in childhood according to maternal
educational level
Maternal educational level
Low Intermediate High
Lifestyle factors % (CI)
a % (CI)
a % (CI)
a
Smoking during pregnancy
Yes
b 30.2 (29.1-31.2) 17.3 (16.6-17.9) 10.6 (10.1-11.2)
Smoking in the home
Yes
c 43.5 (42.3-44.6) 30.6 (29.8-31.4) 16.2 (15.6-16.9)
Breastfeeding
1-16 weeks 49.8 (48.6-50.9) 52.4 (51.5-53.3) 46.4 (45.4-47.3)
Never 30.6 (29.5-31.6) 18.4 (17.7-19.0) 8.5 (8.0-9.0)
Day-care centre attendance
No
d 88.9 (88.2-89.7) 79.7 (79.0-80.4) 62.5 (61.6-63.4)
Biological factors
Siblings
Yes 54.4 (53.3-55.5) 49.6 (48.7-50.4) 49.4 (48.5-50.3)
Mean Mean Mean
Maternal age at birth 29.55 (29.46-29.64) 29.78 (29.72-29.85) 31.59 (31.53-31.66)
Birth weight child (grams) 3,456 (3,443-3,469) 3,507 (3,498-3,516) 3,543 (3,532-3,553)
a95% confidence intervals.
bsmoking by the mother during at least the first four weeks of pregnancy.
csmoking by anyone in the home more than once a week.
dno means < 4 hours per week.
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tory infections) because of the close contacts between
children in day-care centres [24,25]. Reports on the
effects of day-care centre facilities on asthma are incon-
clusive [26,27]. On the other hand, day-care attendance
is considered a stimulus for children’sI Q ,a n dh a sh a d
beneficial effects on behavioural development and
school achievement in the USA [28]. Studies examining
the relationship between day-care centre use and over-
weight in childhood have found mixed results [29-33].
The protective health effect of day-care attendance
found in our study might reflect other characteristics of
families using day-care facilities that protect against ill
health. In our study, the parents of children who attend
day-care during their first year are more often both
employed, and less often overweight. To truly disentan-
gle the underlying mechanisms, more research is needed
on the influence of day-care centre facilities on health.
Maternal age at birth is an important factor for child-
hood socio-economic differences in asthma symptoms,
poor general health, and frequent respiratory infections.
Younger mothers report poorer general health, more
asthma symptoms, and more respiratory infections than
older mothers. The reason for this might be that younger
mothers are more worried than older mothers [34]. On
the other hand, children of younger mothers might truly
be unhealthier than their peers who have older mothers,
for example, because younger mothers lack sufficient
Table 6 Associations between maternal educational level and health outcomes (ages 0 to 8), adjusted for biological
and lifestyle factors
Asthma symptoms Poor general health Frequent respiratory infections
Educational level
c Intermediate Low Intermediate Low Intermediate Low
OR
a CI
b OR
a CI
b OR
a CI
b OR
a CI
b OR
a CI
b OR
a CI
b
Model A 1.16 (1.00-1.34) 1.27 (1.08-1.49) 1.11 (0.96-1.27) 1.36 (1.16-1.60) 1.17 (1.02-1.34) 1.57 (1.35-1.83)
Model A + siblings 1.16 (1.00-1.34) 1.26 (1.07-1.48) - - 1.17 (1.02-1.34) 1.56 (1.34-1.82)
Model A + maternal age at birth 1.12 (0.97-1.30) 1.22 (1.03-1.44) 1.02 (0.86-1.17) 1.24 (1.05-1.46) 1.14 (0.99-1.30) 1.51 (1.29-1.78)
Model A + birthweight 1.15 (0.99-1.33) 1.24 (1.05-1.46) 1.10 (0.96-1.26) 1.34 (1.14-1.57) 1.17 (1.02-1.34) 1.55 (1.33-1.81)
Model A + smoking during pregnancy
d 1.14 (0.99-1.32) 1.20 (1.02-1.42) 1.09 (0.95-1.26) 1.31 (1.11-1.54) 1.16 (1.01-1.33) 1.51 (1.29-1.76)
Model A + smoking in the home
e ------
Model A + breastfeeding 1.10 (0.95-1.27) 1.16 (0.98-1.37) 1.08 (0.93-1.24) 1.30 (1.09-1.54) 1.12 (0.98-1.28) 1.44 (1.22-1.69)
Model A + day-care centre attendance
f - - 1.04 (0.91-1.19) 1.24 (1.05-1.45) - -
Total
g,h,1 1.04 (0.90-1.21) 1.04 (0.88-1.24) 0.94 (0.82-1.08) 1.06 (0.90-1.26) 1.06 (0.93-1.22) 1.32 (1.11-1.57)
Overweight
l Obesity
Educational level
c Intermediate Low Intermediate Low
OR
a CI
b OR
a CI
b OR
a CI
b OR
b CI
b
Model A 1.16 (0.96-1.40) 1.42 (1.16-1.73) 1.71 (1.11-2.63) 2.82 (1.80-4.41)
Model A + siblings - - - -
Model A + maternal age at birth - - - -
Model A + birthweight 1.19 (0.99-1.44) 1.50 (1.23-1.82) 1.75 (1.14-2.69) 2.97 (1.91-4.61)
Model A + smoking during pregnancy
d 1.15 (0.95-1.39) 1.37 (1.12-1.67) 1.68 (1.10-2.56) 2.55 (1.61-4.02)
Model A + smoking in the home
e 1.14 (0.94-1.37) 1.36 (1.11-1.66) 1.61 (1.05-2.46) 2.53 (1.62-3.93)
Model A + breastfeeding - - 1.63 (1.04-2.55) 2.61 (1.64-4.14)
Model A + day-care centre attendance
f 1.11 (0.91-1.34) 1.32 (1.07-1.61) 1.52 (1.00-2.32) 2.41 (1.54-3.80)
Total
j,k 1.09 (0.90-1.32) 1.26 (1.02-1.54) 1.42 (0.93-2.18) 2.04 (1.28-3.26)
Note: Model A includes sex of child, age, and maternal educational level
aodds ratio of health, adjusted for sex of the child.
b95% confidence interval of the odds ratio.
chighest educational level is reference.
dsmoking by the mother during at least the first four weeks of pregnancy.
esmoking by anyone in the home more than once a week.
f< 4 hours per week.
gtotal model for asthma includes siblings, maternal age at birth, birth weight, smoking during pregnancy and breastfeeding.
htotal model for poor general health includes maternal age at birth, birth weight, smoking during pregnancy, breastfeeding and day-care centre attendance.
itotal model for frequent respiratory infections includes siblings, maternal age at birth, birth weight, smoking during pregnancy and breastfeeding.
jtotal model for overweight includes smoking during pregnancy, smoking in the home and day care centre attendance.
ktotal model for obesity includes smoking during pregnancy, smoking in the home, breastfeeding and day-care centre attendance.
loverweight includes obesity.
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dren and stimulate their health [9].
In our study, mothers from low socio-economic
groups smoke more often during pregnancy, which is
associated with asthma and weight problems in child-
hood. For asthma, similar results were found in other
studies [35,36]. Smoking during pregnancy was defined
as smoking during the first four weeks. After that time,
some mothers stopped smoking, while others did not
[37]. We consider this variable to be an indicator for
whether the mother was smoking when she became
pregnant. The analyses show that this indicator is
related to detrimental health effects for the child. We
suggest that women stop smoking even before they get
pregnant, for instance, when they stop using birth con-
trol. In addition, children of low SES parents are more
likely to be exposed to environmental tobacco smoking
in the home environment [38,39]. This is associated
with weight problems in childhood. Smoking campaigns
should pay more attention to these socio-economic
inequalities, because this is an important risk factor for
childhood health inequalities.
Conclusions
This study confirms that socio-economic health dispari-
ties already occur very early in life. Socio-economic dis-
advantage takes its toll before birth and continues to do
so during childhood. Therefore, action to reduce health
disparities needs to start very early on in life. These
findings fit in with the trend of intervening in the pre-
conception phase, for instance, with health promotion
activities to reduce risky behaviour among prospective
parents [40,41]. More attention is needed to find effec-
tive ways of promoting a healthier lifestyle among par-
ents and prospective parents from lower socio-economic
backgrounds so that health disparities throughout the
life course can eventually be tackled.
Acknowledgements
The PIAMA study is supported by the Netherlands Organisation for Health
Research and Development, the Netherlands Organisation for Scientific
Research, the Netherlands Asthma Fund, the Netherlands Ministry of
Housing, Spatial Planning, and the Environment, and the Netherlands
Ministry of Health, Welfare, and Sport. We would like to thank the PIAMA
research group for allowing us to use this data, Maarten Schipper and Gerda
Doornbos for their advice on statistical matters, and Maarten Schipper for
the data imputation. We would especially like to thank all of the children
and their parents for taking part in the PIAMA study.
Author details
1Centre for Prevention and Health Services Research, National Institute for
Public Health and the Environment, Bilthoven, the Netherlands.
2Department
of Epidemiology and Bioinformatics, University of Groningen, Groningen, the
Netherlands.
3Department of Pediatric Pulmonology and Pediatric
Allergology, University Medical Center Groningen, Groningen, the
Netherlands.
4Julius Center for Health Sciences and Primary Care, University
Medical Center Utrecht, Utrecht, the Netherlands.
Authors’ contributions
AR performed the analyses and the writing of the manuscript. MD
conceived the idea for this article, supervised the analyses and preparation
of the manuscript, and reviewed the drafts of the manuscript. AHW was
involved in the analyses and interpretation of the findings and reviewed the
drafts of the manuscript. MK, GHK and JAS participated in the realization of
the PIAMA birth cohort study and reviewed the final draft of the manuscript.
All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 29 July 2010 Accepted: 12 April 2011 Published: 12 April 2011
References
1. Lynch J, Kaplan G: Socioeconomic position. In Social epidemiology. Edited
by: Berkman LF, Kawachi I. New York: Oxford University Press; 2000:13-35.
2. Irwin LG, Siddiqi A, Hertzman C: Early Childhood Development: a
Powerful Equalizer. Final Report WHO, Commission on Social Determinants
of Health; 2007.
3. Brooks-Gunn J, Duncan GJ, Maritato N: Poor families, poor outcomes: the
well-being of children and youth. In Consequences of growing up poor.
Edited by: Duncan GJ, Brooks-Gunn J. New York: Russel Sage Foundation;
1997:1-17.
4. Chen E, Matthews KA, Boyce WT: Socioeconomic differences in children’s
health: how and why do these relationships change with age?
Psychological Bulletin 2002, 128(2):295-329.
5. Maggi S, Irwin LG, Siddiqi A, Poureslami I, Hertzman E, Hertzman C:
Knowledge Network for Early Child Development. Analytic and Strategic Review
Paper: International Perspectives on Early Child Development WHO,
Commission on Social Determinants of Health; 2005.
6. Van Rossum CTM, Buchner FL, Hoekstra J: Quantification of health effects of
breastfeeding - Review of the literature and model simulation Bilthoven: RIVM;
2005.
7. Lannerö E, Kull I, Wickman M, Pershagen G, Nordvall SL: Environmental risk
factors for allergy and socioeconomic status in a birth cohort (BAMSE).
Pediatric Allergy and Immunology 2002, 13:182-187.
8. Dubois L, Girard M: Social inequalities in infant feeding during the first
year of life. The longitudinal study of child development in Québec
(LSCDQ 1998-2002). Public Health Nutrition 2003, 6(8):773-783.
9. Fergusson DM, Woodward LJ: Maternal age and educational and
psychosocial outcomes in early adulthood. Journal of Child Psychology
and Psychiatry 1999, 43(3):479-489.
10. Blumenshine P, Egerter S, Barclay CJ, Cubbin C, Braveman PA:
Socioeconomic disparities in adverse birth outcomes. A systematic
review. American Journal of Preventive Medicine 2010, 39(3):263-272.
11. Hemminki E, Gissler M: Births by younger and older mothers in a
population with late and regulated childbearing: Finland 1991. Acta
Obstetricia et Gynecologica Scandinavica 1996, 75:19-27.
12. Karmaus W, Botezan C: Does a higher number of siblings protect against
the development of allergy and asthma? A review. Journal of
Epidemiology and Community Health 2002, 56:209-217.
13. Koppelman GH, Jansen DF, Schouten JP, Van der Heide S, Bleecker ER,
Meyers DA, Postma DS: Sibling effect on atopy in children of patients
with asthma. Clin Exp Allergy 2003, 33:170-175.
14. Brunekreef B, Smit J, de Jongste J, Neijens H, Gerritsen J, Postma D,
Aalberse R, Koopman L, Kerkhof M, Wijga A, van Strien R: The prevention
and incidence of asthma and mite allergy (PIAMA) birth cohort study:
design and first results. Pediatr Allergy Immunol 2002, 13(15):55-60.
15. Post MWM, Kuykenhoven MM, Verheij ThJM, de Melker RA, Hoes AW: De
Nederlandse ‘RAND general health rating index for children’: een
meetinstrument voor de algemene gezondheid van kinderen. [the Dutch
‘RAND general health rating index for children’: an instrument for the general
health of children] Ned Tijdschr Geneeskd 1998, 142(49):2680-2683.
16. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH: Establishing a standard
definition for child overweight and obesity worldwide: international
survey. BMJ 2000, 320:1240-1243.
17. van Berkel-van Schaik AB, Tax B: Naar een standaardoperationalisatie van
sociaal-economische status voor epidemiologisch en sociaal-medisch
onderzoek. [towards a standard operationalisation of socioeconomic status
Ruijsbroek et al. BMC Public Health 2011, 11:225
http://www.biomedcentral.com/1471-2458/11/225
Page 10 of 11for epidemiological and sociomedical research] Rijswijk: Ministerie van WCC;
1990.
18. Oakes JM, Rossi PH: The measurement of SES in health research: current
practice and steps towards a new approach. Social Science and Medicine
2003, 56(4):769-784.
19. Klebanoff MA, Cole SR: Use of Multiple Imputation in Epidemiologic
Literature. Am J Epidemiol 2008, 168:355-357.
20. Sterne JAC, White IR, Carlin JB, Pratt M, Royston P, Kenward MG, Wood AM,
Carpenter JR: Multiple imputation for missing data in epidemiological
and clinical research: potential and pitfalls. BMJ 2009, 338:b2393.
21. Fennessy M, Coupland S, Popay J, Naysmith K: The epidemiology and
experience of atopic eczema during childhood. A discussion paper on
the implications of current knowledge for health care, public health
policy and research. Journal of Epidemiology and Community Health 2000,
54:581-589.
22. Bodner C, Godden D, Seaton A: Family size, childhood infections and
atopic diseases. The Aberdeen WHEASE Group. Thorax 1998, 53:28-32.
23. Stanley Ip, Chung M, Raman G, Chew P, Magula N, DeVine D, Trikalinos T,
Lau J: Breastfeeding and Maternal and Infant Health Outcomes in Developed
Countries. Evidence Report/Technology Assessment, No. 153 (prepared by Tufts-
New England Medical Center Evidence-based Practice Center, under Contract
No. 290-02-0022). AHRQ Publication No. 07-E007 Rockville, MD: Agency for
Healthcare Research and Quality; 2007.
24. Roberts I: Out-of-home day care and health. Archives of disease in
Childhood 1996, 74:73-76.
25. Nesti MM, Goldbaum M: Infectious diseases and daycare and preschool
education. J Pediatrics 2007, 83(4):299-312.
26. Nystad W: Daycare attendance, asthma and atopy. Annals of Medicine
2000, 32(6):390-396.
27. Caudri D, Wijga A, Scholtens S, Kerkhof M, Gerritsen J, Ruskamp JM,
Brunekreef B, Smit HA, de Jongste JC: Early Daycare: More Airway
Symptoms Early in Life, No Prevention of Asthma Symptoms or Atopy at
8 Years. American Journal of Respiratory and Critical Care Medicine 2009,
180(6):491-498.
28. Zoritch B, Roberts I, Oakley A: Day care for pre-school children (Review) The
Cochrane Collaboration; 2000.
29. Lumeng JC, Gannon K, Appugliese D, Cabral HJ, Zuckerman B: Preschool
child care and risk of overweight in 6- to 12-year-old children.
International journal of obesity 2005, 29:60-66.
30. Gubbels JS, Kremers SPJ, Stafleu A, Dagnelie PC, de Vries NK, van Buuren S,
Thijs C: Child-care use and the association with body mass index and
overweight in children from 7 months to 2 years of age. International
Journal of Obesity 2010, 34:1480-1486.
31. Kim J, Peterson KE: Association of Infant Child Care With Infant Feeding
Practices and Weight Gain Among US Infants. Arch Pediatr Adolesc Med
2008, 162(7):627-633.
32. Rapp K, Schick KH, Bode H, Weiland SK: Type of kindergarten and other
potential determinants of overweight in pre-school children. Public
Health Nutrition 2005, 8(6):642-649.
33. Pearce A, Li L, Ferguson B, Graham H, Law C: Is childcare associated with
the risk of overweight and obesity in the early years? Findings from the
UK Millennium Cohort Study. International Journal of Obesity 2010,
34:1160-1168.
34. Kaplan BA, Mascie-Taylor CG: Mother’s age, birth order and health status
in a British national sample. Medical Anthropology 1992, 13($):353-367.
35. Gilliland FD, Yu-Fen L, Peters JM: Effects of Maternal Smoking during
Pregnancy and Environmental Tobacco Smoke on Asthma and
Wheezing in Children. Am J Respir Crit Care Med 2001, 163:429-436.
36. Pietinalho A, Pelkonen A, Rytila P: Linkage between smoking and asthma.
Allergy 2009, 64:1722-1727.
37. Wijga AH, Kerkhof M, Brunekreef B, Jongste de JC, Vos APH, Gerritsen J,
Smit HA: Zwangerschap en stoppen met roken: resultaten uit het PIAMA
geboorte-cohort. [Pregnancy and smoking cessation: results from the PIAMA
birth cohort]. Tijdschrift voor Gezondheidswetenschappen 2006, 5:292-293.
38. Bolte G, Fromme H: Socioeconomic determinants of children’s
environmental tobacco smoke exposure and family’s home smoking
policy. European Journal of Public Health 2008, 19(1):52-58.
39. Lancaster T, Stead L, Shepperd S: Helping parents to stop smoking: which
interventions are effective? Paediatric Respiratory Reviews 2001,
2(3):222-226.
40. Korenbrot CC, Steinberg A, Bender C, Newberry S: Preconception Care:
A Systematic Review. Maternal and Child Health Journal 2002, 6(2):75-88.
41. Wildschut HIJ, van Vliet-Lachotzki EH, Boon BN, Fong SL, Landkroon AP,
Steegers EAP: Preconceptiezorg: een onlosmakelijk onderdeel van de
zorg voor moeder en kind. [Preconception care: an essential part of the care
for mother and child]. Nederlands Tijdschrift voor Geneeskunde 2006,
150(24):1326-1330.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2458/11/225/prepub
doi:10.1186/1471-2458-11-225
Cite this article as: Ruijsbroek et al.: The development of socio-
economic health differences in childhood: results of the Dutch
longitudinal PIAMA birth cohort. BMC Public Health 2011 11:225.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Ruijsbroek et al. BMC Public Health 2011, 11:225
http://www.biomedcentral.com/1471-2458/11/225
Page 11 of 11